(Received for publication November 2, 1995) A series of novel drimane sesquiterpene esters (1~6) was isolated from fermentations of Aspergillus ustus var. pseudodeflectus and their structures elucidated by spectroscopic methods including the HMQC,HMBCand INADEQUATE NMRexperiments.
The major component of the fermentation, 1, was (2/£T,4'E,6/£')-6-(r-carboxy-2/,4/,6/-trien)-9-hydroxydrim-7-ene-l 1,12-olide. Compounds 1, 2, 3 and 5 exhibited endothelin receptor binding inhibitory activity against rabbit endothelin-A and rat endothelin-B receptors with IC50 values in the range 20~150 /iM. These compounds had similar levels of activity in assays for binding to human endothelin A and endothelin B receptors. The isolation of 9,l l-dihydroxy-6-oxodrim-7-ene, 7, a probable biosynthetic precursor to the drimane esters is also reported.
The drimane sesquiterpene group of natural products includes compounds with a wide spectrum of biological activities. Warburganal, polygodial and related enedials have been subjected to detailed structure-activity relationship studies because of their insect antifeedant properties. 1>2) Compounds such as the muzagadial series from Canella winterana3) and the pereniporins A and B from the basidiomycete Perenniporia medulla-panis were discovered as result of their phytotoxic and plant growth regulatory properties. The pereniporins also have weak antibacterial and cytotoxic activity.4) Drimenin and aristolone were recently isolated from Porella cordeana after detection of their activity in an assay based on cytotoxicity to DNA-repair deficient Saccharomyces cerevisiae.
5)
As part of an ongoing programmefor the discovery of endothelin antagonists wehave recently discovered a series of novel drimane sesquiterpene esters produced by the fungus Aspergillus ustus var. pseudodeflectus. The endothelins (endothelin-1, -2, -3: ET-1, ET-2, are a family of potent vasoconstricting peptides with a variety of biological functions including bronchoconstriction, positive inotropic and chronotropic effects, mitogenesis and potent renal effects.6) Their effects are mediated by binding to two receptor sub-types, the endothelin-A (ETA) and endothelin-B (ETB) receptors. soybean peptone, NaCl, CaCO3, and Tween 80 adjusted to pH 6.0 with sulphuric acid before sterilisation. The flask was shaken at 240rpm, 25°C on a rotary shaker for 3 days. The contents of the flask were transferred to a 14-liter fermenter containing 10 liters of the following medium: beet molasses, casein, phytic acid, CaCO3, Tween 80, and antifoam A (Sigma), adjusted to pH 6.0 with sulphuric acid before sterilisation. The vessel was agitated at 400rpm and aerated at 0.5vvm. The temperature was controlled at 25°C. After 72hours the mycelium was collected by centrifugation. Dissolved oxygen tension (DOT) and pH were monitored via Ingold probes and dry cell weight (DCW)was determined by conventional methods. Production of compoundsof interest was monitored by extracting biomass from 10 ml aliquots of culture with methanol (3 x 10ml). The extracts were analysed by reversed phase HPLC on a Waters Novapak C-18 column with photodiode array (PDA) detection, eluting with a water-acetonitrile gradient (0-»100% over 13 minutes).
Isolation of Drimane Sesquiterpene Esters
The biomass from an ll liters fermentation of X3811 was harvested after 72 hours. Grey-olivaceous, mouse-grey Fuscous-black Radiate, biseriate Colours according to Anon.10) recorded at 308 K on a Bruker ACF400 spectrometer at 400 MHzand 100 MHzrespectively. All chemical shifts (5) are quoted in ppm and are referenced to external TMS(Oppm). Standard techniques were used to obtain the DEPT, COSY-45, HMQC, HMBC and NOESY spectra. In HMQC experiments the 1JCH was optimised for 145Hz. In HMBC experiments the long range coupling constant 3~VCHwas optimised for 5Hz. Mixing times from 600 to 1600ms were used in the NOESY experiments. A 2D INADEQUATE experiment was performed using a data matrix of4 K points by 96 points, optimized for 1JCC of 45 Hz, with an experiment time of 28.8 hours. The concentration of1 used in the experiment was approximately 1 m in 0.5ml J6-DMSO.
Receptor Binding Assays
The rabbit ETA, rat ETB, human ETAand human ETB receptor binding assays were performed as reported in Pairet et The changes in pH, DOT, DCWand concentration of 3, that occurred during the fermentation are shown in Figure 2 . The DCWreached a maximumof 18 g/liter after approximately 40 hours and remained constant. The compoundsof interest were first detected after ca.
43 hours.
Structure Elucidation
The major metabolite present in fermentations of X381 1 was 1. Its physico-chemical properties are summarised Spectra were measured at 25°C. TMSwas used as an internal reference (S 0.00). Chemical shifts are expressed in ppmand coupling constants in Hz.
identification of a 2£,4£',6i?-octatrienoyl fragment and the drim-7-en-ll,12-olide fragment shown in Figure 3 . The lactone linkage between the CH2 at 68.1 ppm and the carbonyl at 174.2ppm was deduced from the 3/CH couplings between the 13C signals at 174.2 and 73.0ppm and the protons at 4.88 and 4.75 ppm. The 3/CH coupling from the proton at 2.02ppm and the 13C resonance at 73.0ppm was also useful in establishing this carbon skeleton.
The drim-7-en-ll,12-olide and octatrienoyl fragments were linked by a further 3/CH coupling between the ester carbonyl at 165.2ppm and the proton at 5.57ppm. The carbon skeleton of 1, particularly for the contiguous quaternary centres around C-10, was confirmed by an INADEQUATE experiment. 12) The structures of2, 3, 4, 5, 6 and 7 were determined by comparison with spectroscopic data from (2'E,4'E, 6/£' )-6-( r-carboxyocta-2/,4/,6' -triene)-9-hydroxydrim-7-509 ene-l l,12-olide 1. The significant differences in the data are outlined herein:-. epoxy-9-hydroxydrim-7-ene 2
Twenty-three resonances were observed in the 13C
NMRspectrum including a single carbonyl carbon at 3 166.3. The lactone resonance (3 174.2) of 1 was replaced by a methylene carbon at 3 62.3. A multiplet at 3 3.76 in the XHNMRspectrum reinforced these data. The identity of2 was further confirmed by mass spectrometry (FAB) which showed an MH+of 373 Da again indicating reduction of C=O in 1 to CH2 in 2. Remaining spectroscopic data indicated an oxygenated drimane skeleton with a 2£',4£',6JE'-octatrienoate side chain. An
HMBCcorrelation between H-6 at 3 5.65 and carbon V (3 166.3) identified the point of attachment of the side Spectra were measured at 25°C. TMSwas used as an internal reference (3 0.00). Chemical shifts are expressed in ppmand coupling constants in Hz. chain.
(2' E,4fE,6fE)-6-(y-Carboxyocta-2' A' ,6f-tnenQy \ l , 1 2-epoxy-9, 1 l-dihydroxy-drim-7-ene 3 Mass spectral data (El) indicated a molecular weight of 388Da, accurate mass measurements indicating a likely molecular formula of C23H32O5. The 13C NMR spectrum again showed 23 resonances, with one ester carbonyl signal at 3 168.4. The lactone carbonyl of 1 was replaced with a methine signal at 3 99.5, which showed a correlation to one proton at 3 5.35 in the HMQC spectrum. The relative stereochemistry at C-ll was assigned on the basis of a NOESY experiment, a correlation being observed between H-ll and the methyl group at C-15. The remaining spectroscopic data indicated an oxygenated drimane skeleton with 2E,4E,6E-octatrienoate side chain.
(2/£' ,4/£' ,6/£' )-6-( l /-Carboxyocta-2/,4/,6/-triene)-9-hydroxydrim-7-ene-l l-al 4
Accurate mass measurements (El) indicated a molecular formula of C23H32O4. Distinctive features of the XHand 13C NMRdata included the presence of a carbonyl carbon at 3 205.4 which showed a one bond correlation to a proton singlet at 3 9.88 in the HMQC spectrum. This was indicative of an aldehyde moiety at C-ll. The methylene group at C-12 in compounds 1, 2, and 3 (3 66.1~68.1) was replaced by a methyl group at 3 18.8 in the 13C NMRspectrum, 3 1.62 in the XH spectrum. dicating a molecular weight of 360Da. Accurate mass measurements on the sodium adduct of 5 confirmed a molecular formula of C21H28O5Na. XH and 13C NMR data showed that the drimane skeleton was identical to that of 1 and that structural differences were to be found in the unsaturated side chain. Examination of the XH NMRdata, particularly coupling constants indicated the presence of a 2£T,4E'-hexadienoate system.
(2/Z,4/^,6/£' )-6-( l /-Carboxyocta-2/,4/,6/-triene)-9-hydroxydrim-7-ene-1 1 , 12-olide 6
Accurate mass measurements yielded a molecular formula of C23H30O5 indicating that 6 was a structural isomer of 1. XH and 13C NMRdata showed that the drimane skeleton was identical to that of 1 and that structural differences were in the unsaturated side chain. Examination of the coupling constants from the XH NMRdata revealed a coupling of 1 1.2Hz between H-2'
and H-3' indicating Z double bond stereochemistry. Further examination of the coupling constants within the side chain confirmed the side chain to be 2Z,42s,6E-octatrienoate.
9, l l-Dihydroxy-6-oxodrim-7-ene 7 UV data (2max 232nm) were indicative of an a,/?-unsaturated ketone. Accurate mass measurementson the parent molecular ion at 252Daindicated a molecular formula of C15H24O3 and suggested sesquiterpenoid origin. When compared with 1 the XHand 13C NMR data showed the absence of C-6 or C-8 unsaturated side chain and also the absence of a proton at H-6. The possible presence of a ketone at C-6 was reinforced by a 13C resonance at 3 199.9. Long-range coupling was observed between a methyl carbon at C-12 and H-7 (cf. compound4). A pair of diastereotopic protons (ABq) at 3 3.78 was assigned to a methylene group at C-ll (these occurred in a similar environmentto a compound prepared by the NaBH4reduction of 4. These data will be reported elsewhere).
Biological Activity The IC50 values of compounds 1~7 for the inhibition of ET-1 binding in the rabbit and human ETAreceptor assays and ET-3 binding in the rat and human ETB assays are shown in The drimane sesquiterpene portions of some members of this series are closely related to known drimanes.
Thus compounds 1, 5 and 6 can be regarded as derivatives of (6/?,9a)-6,9-dihydroxydrimenin esterified at C-6.
Compound 3 is a 6-0-ester of pereniporin A.4) Compound 2, where the C-ll, 12 carbons are linked by an oxygen bridge to form a furan moeity, and the monoaldehyde compound 4 are more unusual and represent new drimane structures. The octatrienoic acid moieties present in compounds 1-5 are also unusual and a (2£',4£',6^)-octatrienoyl fragment has been previously reported to be present in only one other natural product, Mer-WF3010, an antibiotic of the papulacandin family produced by Phialophora cyclaminis.13) Esters of drimanes with complex fatty acid side chains are rare although a series of fatty acid esters of uvidin A and drimenol, esterified at C-l l, was recently reported from Lactarius uvidus.14) Compound 7 (9,1 1-dihydroxy-6-oxodrim-7-ene) has been previously reported as a syn- 
